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Introduction

The role of adenosine in modulating the function of the cardiovascular,
endocrine, and nervous system has been known for several decades [Daly J. W.,
1982]. Recently the adenosine/P4 purinoceptors were classified into four subtypes:
A1, Aoa, Aog and Az receptors [Jacobson K. A., 1993]. The subtype A,a receptors are
localised mainly in brain, their highest expression was found in the striatum, nucleus
accumbens and tuberculum olfactorium, whereas the Aja receptors showed wide
distribution, with high expression in the gastrointestinal tract. Ligands having
antagonist receptor effect are especially beneficial in promoting a more complete
understanding of the role of different subtypes of receptors in physiological

responses.

In vitro autoradiographic data indicate that some 8-styryl-caffeine derivatives

are high affinity antagonists specific to Ay, type of adenosine receptors.

The goal of this work was to evaluate the reaction conditions in the synthesis
of different (E)-8-styryl-7-[''C]methyl-xanthine derivatives ([''C]-caffeines) as
possible tracers for adenosine receptor research using PET technique. An obvious
route for radiolabelling of these compounds seems to be the N-methylation of the
corresponding (E)-8-styryl-xanthine derivative using [''C]-methyl iodide. Ten Az,
adenosine receptor specific (E)-8-styryl-7-[''C]methyl-xanthine derivatives ([''C]-
caffeines) were synthesised by N-methylation of the corresponding (E)-8-styryl-

xanthine derivatives using [''C]-methyl iodide.

In vivo data indicate that 8-(3-chlorostyryl)caffeine (CSC) is a high affinity
antagonist specific to Az, type of adenosine receptors. The CSC is a selective ligand
having higher affinity for A, receptors (Ki=54 nM) than for A receptors (Ki=28200
nM). We chose (E)-8-(3-chloro-styryl)-1,3-dimethyl-7-['"C]methyl-xanthine ([''C]-



CSC) for biological studies and present an evaluation of its potential as a tracer for

mapping adenosine Ay, receptors by positron emission tomography (PET).
Materials

The inactive standard compounds, (E)-8-styryl-1,3,7-trimethylxanthine (SC);
(E)-8-(3-chlorostyryl)-1,3,7-trimethylxanthine (CSC); (E)-8-(3-iodostyryl)-1,3,7-
trimethylxanthine (ISC); (E)-8-(3-nitrostyryl)-1,3,7-trimethylxanthine (NSC); (E)-8-(3,4-
dimethoxystyryl)-1,3,7-trimethylxanthine  (3,4-DMSC); (E)-8-(3,5-dimethoxystyryl)-
1,3,7-trimethylxanthine (3,5-DMSC); (E)-8-(3,4,5-trimethoxystyryl)-1,3,7-
trimethylxanthine (TMSC); (E)-8-(3,4-dimethoxystyryl)-1,3-dipropyl-7-methylxanthine
(3,4-DMDPrSC);  (E)-8-(3,5-dimethoxystyryl)-1,3-dipropyl-7-methylxanthine  (3,5-
DMPrSC) and the corresponding precursor compounds: (E)-8-styryl-1,3-
dimethylxanthine (SX); (E)-8-(3-chlorostyryl)-1,3-dimethylxanthine (CSX); (E)-8-(3-
iodostyryl)-1,3-dimethylxanthine  (ISX);  (E)-8-(3-nitrostyryl)-1,3-dimethylxanthine
(NSX); (E)-8-(3,4-dimethoxystyryl)-1,3-dimethylxanthine (3,4-DMSX); (E)-8-(3,5-
dimethoxystyryl)-1,3-dimethylxanthine (3,5-DMSX); (E)-8-(3,4,5-trimethoxystyryl)-1,3-
dimethylxanthine (TMSX); (E)-8-(3,4-dimethoxystyryl)-1,3-dipropylxanthine (3,4-
DMDPrSX); (E)-8-(3,5-dimethoxystyryl)-1,3-dipropylxanthine (3,5-DMPrSX) were
prepared following a previously described general procedure [Jacobson K. A., 1993],
and were characterised by their physical data (mp., 'H-NMR, HPLC). Nuclear
magnetic resonance spectra were taken on a Bruker WP 200 spectrophometer (200

MHz) using Me4Si as internal standard.

The 3-iodocinammic acid, used as intermediate in the above general
procedure for synthesis of ISX, was prepared by reduction, diazotization, followed by
iodination of m-nitrocinnamic acid [Patterson T.S., 1889]. Being new compounds the
structures of (E)-8-(3-iodostyryl)-1,3,7-trimethylxanthine (ISC) (mp. 226-227°C) and
(E)-8-(3-iodostyryl)-1,3-dimethylxanthine (ISX) (mp. >360°C) were proved by their "H-
NMR spectra.



[''C]Methyl iodide

['C]CO, was produced on the MGC 20E cyclotron at the Institute of Nuclear
Research, Debrecen by the ™N(p,a)"'C ("'C+0, - ""C0O,) nuclear reaction, with 14.5
MeV proton beam and 1.3x10° Pa target gas pressure (the yield was 1.6-2.2
GBa/pA). [''C]-Methyl iodide was prepared using an automated synthesis system.
The specific activity of a typical 100 mCi [''C]CHsl batch was in the range of 1-1.5

Ci/umol at 20 min after EOB.
General procedure of [''C]-methylation

To prevent E-to-Z isomerization of the (E)-xanthines during the radiosynthesis
all procedures were carried out in amber glassware. The xanthine precursors
dissolved in DMF (1 mg / 0.4 mI-1 ml) were methylated in the presence of 10 mg
potassium carbonate at 70°'C for 10 minutes. Afterwards the reaction mixture was
neutralized with 25 pl 4M HCI, then was analysed by analytical HPLC on a
LiChrosphere RP 18 (250-4) column (Merck Co., Darmstadt), using different aqueous
acetonitrile mobile phase systems. The flow rate of the eluent was 1 ml/min, and the
peaks were detected using UV detector (Waters Co., USA) at 290 nm, coupled in

series with a radioactivity detector.
Results

The [''C]methylation reaction proceeds with high radiochemical yield in the
presence of potassium carbonate in 10 minutes at 70 °C. Under these conditions only
the desired N-[”C]-methylation of the xanthine derivatives was observed. The
components of the [”C]-methylation reaction mixtures were identified by their Rt
values, which were calibrated by the Rt value of the corresponding inactive standard

taken prior to the measurement.



The process can be conducted with good (35-93%) radiochemical yield,
calculated based on [''C]methyl iodide. The specific activity was 1.85-5.55 GBg/umol
(50-150 mCi/umol).

Synthesis of [''C]CSC

Radiosynthesis of [''C]CSC was carried out by the before mentioned method.
(E)-8-(3-Chlorostyryl)-1,3,-dimethylxanthine in DMF (1mg/0.4 ml) was methylated in
the presence of potassium carbonate or caesium carbonate at 60°C for 10 minutes.
Afterwards the reaction mixture was neutralised with 25 ml 4mol/l HCI, and the
solution was purified by preparative HPLC on a LiChrosphere RP 18 (250-10) column
(Merck Co., Darmstadt), with CH3CN:water 7:3 at a flow rate 4 ml/min and detected
at 290 nm by UV detector (Waters Co., USA), coupled in series with a radioactivity
detector. (E)-8-(3-chlorostyryl)-1,3,-dimethylxanthine and [11C]JCSC were eluted in
the range of 5.5-6.5min and 8.5-9.5 min, respectively. After vacuum distillation the
end product was dissolved in 0.2 ml DMSO and diluted with 10% DMSO in isotonic

saline which contains 10% ethanol (pH=5).

The final solution was identified by analytical HPLC system on a LiChrosphere
RP 18 (250-4) column (Merck Co., Darmstadt), with 70% acetonitrile as eluent at a
flow rate 1 ml/min detected on UV detector (Waters Co., USA) at 290 nm, coupled in
series with a radioactivity detector. The retention times of (E)-8-(3-chlorostyryl)-1,3,-

dimethylxanthine and [''C]CSC were 3.0-3.5 and 4.9-5.6 min, respectively.

The decay-corrected radiochemical yield was 30% based on [''C]methyl
iodide. The best specific activity was 9.1 TBg/umol (246 mCi/umol). No precursor
was observed in the end product, and radiochemical purity was >99%. The E-to-Z

isomerization of [''C]CSC in the final solution was not observed.

Pharmacological characterisation of the prepared caffeines



Contractility assays have been done with CSC, 3,5-DMSC, 3,4,5-TMSC and
ISC by using ZM 241385 as standard non-xanthine A,a receptor antagonist. The
compounds were characterised, by the pA; Schild plot slope parameter, calculated
using electrically driven guinea pig atrial myocardium (reported to possess both A
receptors), guinea pig pulmonary artery (reported to possess Ay and Az receptors)

and rat pulmonary artery (reported to possess Axa receptors) tissues.

CSC showed a remarkable Aoa (pA2=6.49), especially Aa/Azs (56) selectivity.
Although 3,5-DMSC (6.58) and 3,4,5-TMSC (6.59) are A,a selective compounds,
their selectivity did not achieved the above effect of the CSC. A significant Aoa/Aq
(468) selectivity was showed by the ISC (7,67), which pA, value showed nearly the
same Aa affinity like the nowadays known strongest Aga inhibitor: ZM compound

(PA2=7,91).
Biological assay of [''C]CSC
Competition experiments on DDT1 MF2 cells

Prepared, transformed (1 million/l) DDT1 MF2 muscular tissue cell lines were
incubated at 37°C for 20 minutes with 20 uCi/ml [''C]CSC. For displacement assays
a 10 minute preincubation was performed with inactive CSC or ZM 241385 (known
competitive antagonist). The cells were separated (SKATRON Cell Harvester,
11019), and the ['"C]JCSC accumulation was registered by a calibrated gamma-
counter (Canberra Packard). The radioactivity concentrations were expressed as cps

(count per second)/ 1 million cell.
Autoradiography

In the autoradiography (ARG) studies storage phosphor screens (Molecular
Dynamics) were used in combination with the Phosphorlmager® scanner. The

average thickness of the fresh brain and heart sections was 500 um. The exposure



times fell between 15-60 minutes. The resolution of the scanned ARG images was

200 pm/pixel.

For anatomic correspondence a transparency scanner (HP ScanJet 4c/T) was
used to obtain the colour images of the sections. ARG and TS images were

registered to fuse functional and anatomical information.
Biodistribution

Biodistribution of [''C]CSC was studied on Swiss mice after i.v. injection of the
ligand. Male Swiss mice were injected by [''C]JCSC [120-200 pCi (4.44- 7.4 MBq) /
1.2-8 nmol] intravenously as a bolus. The animals were killed by cervical dislocation,
dissected and various organs/tissues were removed at 10, 20, 40 and 60 minutes

after the injection.

The radioactivity of the samples was measured, after precise weighting, by a
calibrated gamma-counter. Plasma was obtained from blood by centrifugation
(2min/3000g). Uptake values were expressed as Differential Absorption Ratios (DAR

= cpm recovered/qg tissue/cpm injected/body weight).
PET scanning

Rabbits were anaesthetised with i.p. urethane (0.5g / kg) and alpha-chloralose
(50 mg/kg). One femoral artery and one femoral vein were cannulated. Serial arterial
blood sampling was performed in all cases to allow kinetic analyses of [''C]CSC

accumulation.

Dynamic PET scans were carried out using GE 4096 whole body PET camera.
The animals got 1-2 mCi/30-60 nmol [''CJCSC in 2 ml physiologic salt solution
intravenously as a 20-30 sec bolus. Transmission scans have been used to correct for

tissue attenuation.



Based on the results of PET investigations and performing defined
mathematical transformation we have modelled the kinetics of the [''C]CSC
accumulation. The method demands the follow up of the [''C]JCSC concentration in
the blood by taking blood samples and acquiring a dynamic set of images. These
data allows to calculate the time course of blood activity (blood curve) and tissue
activity within a defined region of interest (ROl TACT) as the two input functions of
the kinetic tracer model calculation. The calculation results in a set of numerical data
for kinetic constants Ky, k», ks,...ke which belong to the chosen ROI(s). For our
calculations four compartment method [Landaw E. M., 1984], and “MATLAB”

mathematical program was used.
Results

Competition experiments with the unlabeled ligand proved [''C]CSC to bind
specifically to the appropriate receptor. The measured bound [''C]CSC decreased in

the presence of inactive CSC or ZM241385.

Foci of high CSC accumulation were clearly localised on the brain
autoradiograms in several cases, with 15 minute post injection slicing, and were in
accord with previous findings on specific spatial distribution of A,; adenosine

receptors in the CNS.

The results of tissue distribution of [''C]JCSC in mice shows, that the highest
uptake at 10 min after the injection was found in the lung followed by the liver,
kidney, heart and brain. The kinetics of the accumulation of radioactive CSC was
different in the various tissues. The very high uptake in the mice lung observed at 10
minutes after the injection gradually decreased in time. The brain uptake was almost
the same as the heart uptake, and both showed a gradual decrease at later times
(20, 40, and 60 min after the injection). The lowest radioactivity level was detected in

the blood.



Dynamic PET studies on rabbits showed a fast brain uptake of CSC, reaching

a maximum in less than 2 minutes.

Based on the four compartment method, using the blood curve and brain
TACT curve obtained by dynamic PET images a set of numerical data for kinetic

constants of the transport and binding of CSC in brain have been calculated.
Conclusion

Ten "'C-labelled caffeine derivatives were prepared using [''C]methyl iodide.
Two new compounds, namely E)-8-(3-iodostyryl)-1,3,7-trimethylxanthine (ISC) and
(E)-8-(3-iodostyryl)-1,3-dimethylxanthine (ISX) were prepared. The [''C]methylations
can be conducted with high radiochemical yields, using an automated synthesis
procedure. The radiochemical synthesis was optimised by choosing the best catalyst,
and the adequate reaction time and temperature. New, automated separation

(preparative HPLC) and identification (analytical HPLC) methods were developed.

The newly prepared ISC adenosine antagonist seems to posses remarkable

Aza/Aq selectivity.

The described [''C]-caffeines seem to be potential subjects of future biological
characterisation in order to evaluate their affinity and sensitivity for adenosine

receptors of type Ay, in various tissues using PET-technique.

The "'C-labeled selective adenosine Az, antagonist [''C]JCSC was prepared
using the above method. Based on the results of the animal studies, the [''C]CSC
seems to be a very promising radiopharmacone for mapping adenosine receptors of
type Ags in various tissues, especially in the CNS. It is also suitable to perform
investigations concerning time-dependent receptor expression changes (up- and

down-regulation).
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